Abstract:
Introduction
The discovery that crown ethers form stable complexes with many cations has stimulated a great interest in these species for their possible applications in different branches of chemistry and biology [1] [2] [3] . From the published thermodynamic data it follows that the stability of macrocyclic complexes depends on the relative cation and ligand cavity size, the number and arrangements of the ligand bonding sites, the substitution on the macrocyclic ring as well as the solvent effects [3] [4] [5] [6] . In this context it should be noted that several reviews have covered many aspects of the chemistry of the mentioned macrocyclic compounds [3] [4] [5] [6] .
The cobalt dicarbollide anion (DCC -) [7] and some of its derivatives are useful chemical agents for the extraction of many metal cations (e.g., Cs + , Sr 2+ , Ba 2+ , Eu 3+ , and Am 3+ ) from aqueous solutions into a polar organic phase, both under laboratory conditions for theoretical or analytical purposes [8] [9] [10] [11] [12] [13] , and on the technological scale for the separation of some high-activity isotopes in the reprocessing of spent nuclear fuel and acidic radioactive waste [14] [15] [16] . Moreover, a process involving chlorinated cobalt dicarbollide, polyethylene glycol (PEG 400), and diphenyl-N,N-dibutylcarbamoylmethyl phosphine oxide (DPDBCMPO), called also UNEX, has been suggested for simultaneous recovery of cesium, strontium, lanthanides, and actinides from highly acidic media into phenyltrifluoromethyl sulfone (abbrev. FS 13) [14, 15] . It is necessary to emphasize that the FS 13 diluent was developed for the UNEX process as an alternative diluent to the highly polar nitrobenzene. Finally, FS 13 has the advantage of low viscosity and very good solubility of metal solvates as well as the UNEX extractants [15] . Although nitrobenzene derivatives have been successfully utilized as diluents for cobalt dicarbollide processes in Russia, they are deemed
From extraction experiments and γ-activity measurements, the exchange extraction constants corresponding to the general equilibrium C + (aq) + 1•Na
(aq) taking place in the two-phase water-nitrobenzene system (C + = methylammonium, ethylammonium, propylammonium, ethanolammonium, diethanolammonium, triethanolammonium, cation TRIS + , hydrazinium, hydroxylammonium; 1 = benzo-18-crown-6; aq = aqueous phase, nb = nitrobenzene phase) were evaluated. Furthermore, the stability constants of the 1•C + cationic complex species in nitrobenzene saturated with water were calculated; they were found to increase in the following cation order: triethanolammonium < propylammonium < ethylammonium, diethanolammonium < methylammonium < ethanolammonium < cation TRIS + < hydrazinium < hydroxylammonium.
unsuitable for use in the United States due to perceived hazards associated with nitrobenzene. Recently, the interactions of benzo-18-crown-6 (abbrev. 1; see Scheme 1) with some univalent cations have been investigated in the water-nitrobenzene extraction system [17, 18] . In these two papers it was reported that the stability constants of the see Scheme 2), were determined in nitrobenzene saturated with water. In this context it is necessary to emphasize that the interactions of the mentioned organic cations with the benzo-18-crown-6 ligand 1 have not been investigated in the considered nitrobenzene medium up to now.
Experimental procedure

Samples
Compound 1 (see Scheme 1; purum, ≥ 98%) was purchased from Fluka. Cesium dicarbollylcobaltate (CsDCC) was synthesized by means of the method published by Hawthorne et al. [19] . The other chemicals used (Lachema, Brno, Czech Republic) were of reagent grade purity. A nitrobenzene solution of hydrogen dicarbollylcobaltate (HDCC) [7] was prepared from CsDCC by the procedure described elsewhere [20] . The equilibration of the nitrobenzene solution of HDCC with stoichiometric amount of NaOH, which was dissolved in an aqueous solution of NaCl (0.20 M), yielded the corresponding NaDCC solution in nitrobenzene. The following species: methylamine hydrochloride (purum, ≥ 98%), ethylamine hydrochloride (puriss., ≥ 99%), propylamine hydrochloride (puriss., ≥ 99%), ethanolamine hydrochloride (purum, ≥ 98%), diethanolamine hydrochloride (purum, ≥ 98%), triethanolamine hydrochloride (puriss., ≥ 99%), tris(hydroxymethyl)aminomethane hydrochloride (also called TRIS hydrochloride; puriss., ≥ 99%), hydrazine monohydrochloride (purum, ≥ 98%), and hydroxylamine
Scheme 2. Structural formulas of 9 univalent organic cations (abbrev.
hydrochloride (puriss., ≥ 99%), were supplied by Aldrich and were employed as received. The water used for the extraction experiments was double distilled and deionized as well. The radionuclide 22 Na + was purchased from DuPont, Belgium.
Extraction
The extraction experiments were carried out in 10 mL polypropylene test-tubes equipped with polypropylene stoppers: 2 mL of an aqueous solution of
C ; see Scheme 2) of the concentration ranging from 6×10 -3 to 1×10 -2 M and microamounts of 22 Na + were added to 2 mL of a nitrobenzene solution of 1 and NaDCC, whose initial concentrations varied also from 6×10 -3 to 1×10 -2 M (in all experiments, the initial concentration of 1 in nitrobenzene, , was equal to the initial concentration of NaDCC in this medium, ). The test-tubes filled with the solutions were shaken for 2 h at 25 ± 1°C, using a laboratory shaker. Then the phases were separated by centrifugation. Afterwards, 1 mL samples were taken from each phase and their γ-activities were measured by means of a well-type scintillation detector connected to a γ-analyzer NK 350 (Gamma, Budapest, Hungary).
The equilibrium distribution ratios of sodium, D Na , were determined as the ratios of the corresponding measured radioactivities of 22 Na + in the nitrobenzene and aqueous samples.
Results and discussion
Regarding the results of previous papers [7, 21, 22] , the two-phase water-
C ; see
Scheme 2)-nitrobenzene-sodium dicarbollylcobaltate (NaDCC) extraction system can be described by the following equilibrium Table 1 .
Previous results [24] [25] [26] [27] [28] indicated that the two-phase water-
(benzo-18-crown-6)-NaDCC extraction system (see Experimental procedure), chosen for determination of the stability constant of the complex 1 . C + in watersaturated nitrobenzene, can be characterized by the main chemical equilibrium (5) where is the initial concentration of
C ) in the aqueous phase and denotes the initial concentration of NaDCC in the organic phase of the system under consideration. In this study, the logarithms of the constants K ex (C + , 1 . Na + ) were determined from the extraction experiments and γ-activity measurements (see Experimental procedure) by using Eq. 5, as reviewed in Table 1 .
Moreover, with respect to [24] [25] [26] [27] [28] , for the extraction constants K ex (C 
Finally, using the constants log K ex (C + , Na + ) and log K ex (C + , 1 . Na + ) given in Table 1 , the value log β nb (1 . Na + ) = 7.4 [17] , and applying Eq. 6, we obtain the stability constants of the 1 .
C ) in water-saturated nitrobenzene. These data are also listed in Table 1 . Thus, the β nb (1 . C + ) values from this table indicate that the stability of the cationic complex species 1 . C + in nitrobenzene saturated with water increases in the following order:
C .
In conclusion, Table 2 and 1 denotes the benzo-18-crown-6 ligand, determined previously in watersaturated nitrobenzene as well [17, 18] . Comparison of the data reviewed in Tables 1 and 2 indicates that in the considered nitrobenzene medium, the stability constants of the 1 . 
Conclusions
In summary, the stability constants of the 1 . C + cationic complex species in nitrobenzene saturated with water were determined from the experimental studies of the 1 . C + complexes, where 1 denotes benzo-18-crown-6 and C + = methylammonium, ethylammonium, propylammonium, ethanolammonium, diethanolammonium, triethanolammonium, cation TRIS + , hydrazinium, or hydroxylammonium, in the two-phase water-nitrobenzene extraction system; they were found to increase in the following cation sequence: triethanolammonium < propylammonium < ethylammonium, diethanolammonium < methylammonium < ethanolammonium < cation TRIS + < hydrazinium < hydroxylammonium. It is necessary to emphasize that the stabilities of the two complexes 1 . C + , where C + = hydrazinium and hydroxylammonium, in watersaturated nitrobenzene are comparable with the stability of the 1 . complex species involving "symmetrical" central cation , while the stability constants of the remaining seven cationic complexes 1 . C + under study in this nitrobenzene medium are somewhat lower than that of the 1 . complex. 
